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Abstract. An Atmospheric Monitoring System (AMS) is a mandatory and key device of a space-based mission
which aims to detect Ultra-High Energy Cosmic Rays (UHECR) and Extremely-High Energy Cosmic Rays
(EHECR) from Space. JEM-EUSO has a dedicated atmospheric monitoring system that plays a fundamental
role in our understanding of the atmospheric conditions in the Field of View (FoV) of the telescope. Our
AMS consists of a very challenging space infrared camera and a LIDAR device, that are being fully designed
with space qualification to fulfil the scientific requirements of this space mission. The AMS will provide
information of the cloud cover in the FoV of JEM-EUSO, as well as measurements of the cloud top altitudes
with an accuracy of 500 m and the optical depth profile of the atmosphere transmittance in the direction of
each air shower with an accuracy of 0.15 degree and a resolution of 500 m. This will ensure that the energy
of the primary UHECR and the depth of maximum development of the EAS ( Extensive Air Shower) are
measured with an accuracy better than 30% primary energy and 120 g/cm2 depth of maximum development
for EAS occurring either in clear sky or with the EAS depth of maximum development above optically thick
cloud layers. Moreover a very novel radiometric retrieval technique considering the LIDAR shots as calibration
points, that seems to be the most promising retrieval algorithm is under development to infer the Cloud Top
Height (CTH) of all kind of clouds, thick and thin clouds in the FoV of the JEM-EUSO space telescope.
1 Introduction
Cosmic Ray Physics is one of the fundamental key is-
sues and an essential pillar of Astroparticle Physics that
aims, in a unique way, to address many fundamental
questions of the non-thermal Universe in the Astroparti-
cle Physics domain. The huge physics potential of this
field can be achieved by an upgrade of the performances
of current ground-based experiments and pioneer space-
based missions, as the JEM-EUSO space telescope [1].
The JEM-EUSO space mission is the Extreme-Universe
Space Observatory (EUSO) which will be located at the
Exposure Facility of the Japanese Experiment Module
(JEM/EF) on the International Space Station (ISS) and
looking downward the atmosphere will allow a full-sky
monitoring capability to watch for Ultra-High Energy Cos-
mic Rays (UHECR) and Extremely High Energy Cos-
mic Rays (EHECR). An Atmospheric Monitoring System
(AMS) is mandatory and a key element of a Space-based
mission which aims to detect Ultra-High Energy Cosmic
Rays (UHECR). JEM-EUSO has a dedicated atmospheric
monitoring system that plays a fundamental role in our un-
derstanding of the atmospheric conditions in the FoV of
the main telescope. The JEM-EUSO AMS consists of a
bi-spectral infrared camera and a LIDAR device that are
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being fully designed under space qualification to fulfil the
scientific requirements of this space mission.
2 The Atmospheric Monitoring system
To fully monitor the atmosphere and to retrieve the cloud
coverage and cloud top height in the JEM-EUSO FoV, an
Atmospheric Monitoring System (AMS) is foreseen in the
telescope. The AMS [2] is crucial to estimate the effective
UHECR & EHECR exposure of the telescope and for the
proper analysis of the UHECR & EHECR events under
cloudy conditions [3], [4].
The AMS of JEM-EUSO will include:
1. a bi-spectral Infrared (IR) camera;
2. a LIght Detection And Ranging (LIDAR) device;
3. global atmospheric models generated from the anal-
ysis of all available meteorological data by global
weather services such as the National Centers
for Environmental Predictions (NCEP), the Global
Modeling and Assimilation Office (GMAO) and the
European Centre for Medium-Range Weather Fore-
casts (ECMWF)[5].
4. the slow mode data of JEM-EUSO, the monitoring
of the pixel signal rate every 3.5 s for the observa-
tion of Transient Luminous Events (TLEs), which
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will give additional information on cloud distribu-
tion and the intensity of the night sky airglow.
The JEM-EUSO telescope will observe the EAS develop-
ment only during night time. The IR camera will cover the
entire FoV of the telescope in order to detect the presence
of clouds and to obtain the cloud cover and the cloud top
altitude. The LIDAR will be shot in some pre-defined po-
sition around the location of triggered EAS events. The
LIDAR will be used to measure the clouds altitude and
optical depth as well as the optical depth vertical profile
of the atmosphere along these directions with a range ac-
curacy of 375 m in nadir. The IR camera and the LIDAR
have been designed to work in a complementary way.
3 The Infrared Camera
The IR Camera (Fig. 1) onboard JEM-EUSO will consist
of a refractive optics made of germanium and an uncooled
µbolometer array detector. The FoV of the IR Camera is
48◦, totally matching the FoV of the main JEM-EUSO
telescope. The angular resolution, which corresponds to
one pixel, is about 0.1◦. A temperature-controlled shutter
in the camera and blackbodies are used to calibrate back-
ground noise and gains of the detector to achieve an ab-
solute temperature accuracy of ∼ 3 K. Therefore, the IR
Camera takes images continuously every 17 s while the
ISS moves 1/4 of the FoV of the JEM-EUSO telescope.
Figure 1. IR Camera Preliminary Design Modelization
A brightness temperature measurement, intended for a
single band infrared camera configuration, may not pro-
vide the required radiometric accuracy without the use
of external information for atmospheric effects correction.
Therefore a multispectral approach has been selected as
baseline of the Infrared Camera of JEM-EUSO [6]. The
delailed and dedicated retrieval algorithm for the cloud top
height parameter that fulfill the scientific and technical re-
quierements of the Infrared Camera of JEM-EUSO can be
found in these Proceedings [4]. In the preliminary design
of the IR-Camera a bi-spectral design with two filters in
the cold spot of the optics that allows a multispectral snap-
shot camera without a dedicated filter wheel mechanism
is foreseen. This is a very “smart” solution that leads to
have a more reliable baseline and to reduce the costs of
a complicated filter wheel mechanism intended for Space
applications. The only drawback of this solution is that,
in order to overcome the use of half of available area of
the detector for each spectral band, the IR-Camera images
acquisition time has to be faster to avoid gaps during the
ISS orbit with the impact on the restricted data budget al-
located for an ISS mission.
Figure 2. Preliminary Design Scheme of the Optical Unit As-
sembly.
Figure 3. Scheme of the Calibration unit Assembly preliminary
design with the two Black Bodies BB1 & BB2 and the stepper
motor
The preliminary design of the IR Camera [6] can be di-
vided into three main blocks: the Telescope Assembly, the
Calibration Unit and the Electronic Assembly. The main
function of the Telescope Assembly is to acquire the in-
frared radiation by means of an uncooled microbolome-
ter and to convert it into digital counts. A dedicated opti-
cal design has been developed as well, with a huge angu-
lar field to comply with the wide FoV of the JEM-EUSO
main telescope (Fig. 2). To assure the high demanding
accuracy, a dedicated on-board calibration system is fore-
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seen (Fig. 3). Moreover, this System Preliminary Design is
complemented by a challenging Mechanical and Thermal
design to secure that the IR-Camera will be completely
isolated (Fig. 4).
Figure 4. Heaters & Temperature Sensors Distribution in the
System Preliminary Design of the Infrared Camera of JEM-
EUSO.
Meanwhile, the Electronic Assembly provides mech-
anisms to process and transmit the obtained images, the
electrical system, the thermal control and to secure the
communication with the platform computer. The Electron-
ics Assembly will be communicated with the Main Instru-
ment (apart from the power input buses) by means of three
main links: a Data link, a Command link, and Synchro-
nization lines. In addition, the Electronics Assembly will
provide discrete telemetries to the Main Instrument. Re-
garding the Front End Electronics (FEE), they will be also
communicated through serial links, synchronization lines
and power generated in the Electronics Assembly to sup-
ply the FEE (Fig. 5).
Figure 5. FEE overview of the Infrared Camera.
Moreover, the Interface Control Unit (ICU) can be sep-
arated into 2 blocks: the controlling board block and the
driving board block. The controlling board block is com-
posed of the electronics board in which will run the com-
munication protocol, using a RS422 type as “telemetry and
command" bus. This controlling board is also in charge of
the compression algorithm used for the images previously
captured by the optics to be sent to the Main Instrument.
Assessment of the VHDL code occupation has been made
giving as a result that at least a RTAX2000S FPGA from
Actel is needed to implement the compression algorithm
and the communications protocol. The Driving Board will
be composed of the board which contains the driver for
the motor and the switches acquisition. Both functional-
ities will be managed by a small FPGA which runs the
control algorithm and drives the actuator. Occupation as-
sessment has been performed, giving as a result that the
RTSX72-SU FPGA from Actel is suitable for this design.
In addition, a motor will be connected to drivers through
relays. These relays will isolate the motor from electron-
ics when stands off. Otherwise, some currents from non-
active winding could be driven to the non-active electron-
ics. Driving board will provide power to the heaters (32.2
Ω resistance with a nominal power dissipation of 1.69 W)
placed in calibration unit by means of a 1 Hz Pulse Width
Modulation (PWM) line of 15 V.
A full characterization and calibration of the Bread
Board Model (BBM) for the Infrared Camera of the
EUSO-Balloon pathfinder led by CNES [7] was per-
formed on April 2014 at the Instituto de Astrofisica de
Canarias (IAC, Tenerife). Moreover this dedicated bi-
spectral and waterproof Infrared Camera was flown with
EUSO-BALLOON first flight on August 24, 2014 from
Timmins (Canada) (Fig. 6).
Figure 6. Dedicated bi-spectral and waterproof Infrared Camera
for the EUSO-BALLOON (CNES) pathfinder.
4 The LIDAR
The task of the LIDAR is to localize optically thin clouds
and aerosol layers and to provide measurements of the
scattering and absortion properties of the atmosphere in
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the region of the EAS development and between the EAS
and the JEM-EUSO telescope.
4.1 LIDAR design
The LIDAR is composed of a transmission and a receiv-
ing system. The transmission system comprises a Nd:YAG
laser and a pointing mechanism (PM) to steer the laser
beam in the direction of the triggered EAS events. As
the laser backscattered signal will be received back by the
JEM-EUSO telescope (working as the LIDAR receiver),
the laser operational wavelength was chosen to be the third
harmonic of the Nd:YAG laser, at λ = 355 nm. The laser is
being developed at RIKEN (Japan) and will be part of the
JAXA (Japanese Space Agency) contribution to the Mis-
sion. The PM is under development at the University of
Geneva, in close collaboration with CSEM1 (Switzerland).
In the current JEM-EUSO design, the light of the
pumping diodes is guided to the laser head through an op-
tical fibre. The PM is conceived to have a steering mirror
with two angular degrees of freedom and a maximal tilting
angle of ± 15◦, needed to move the laser beam anywhere
within the JEM-EUSO FoV. The LIDAR system will be
integrated into the JEM-EUSO telescope. A preliminary
scheme of the placement of the different elements is shown
in Fig. 7. A summary of the specifications needed for the
entire system is reported in Tab. 1.
Figure 7. Schematic LIDAR placement on the JEM-EUSO tele-
scope. The laser head and the pointing mirror will be placed
close to the front lens of the telescope, while the pump diodes
and the control electronics for the mirrors will be placed on the
focal surface.
The LIDAR is expected to receive on average a new
trigger on possible EAS events roughly every ∼10 s. In
the time between two consecutive triggers, the PM should
be able to decode the information on the location of the last
triggered event within the telescope FoV, re-point the laser
beam in this direction, and shoot 5 laser shots covering a
sufficiently wide region around the EAS position. The ef-
fective time available to the pointing system to steer the
laser beam is thus typically of few tenths of seconds, thus
requiring a lightweight mirror with limited inertia to opti-
mize the operations of the PM. For this reason, the innova-
1www.csem.ch
tive Micro-Electro-Mechanical Systems (MEMS) technol-
ogy has been selected by the UniGe to develop the tilting
mirror [8]. This mechanism will use magnetic forces to
Figure 8. CAD model of the MEMS mirror (not in scale, view
from the bottom side). The mirror is squezed between two sup-
port structures. It is hold through silicon beamers that allow tilt-
ing movements when the levers located on the bottom support-
ing structure are forced in the X and Y direction by the magnetic
forces generated by two magnets and the coils controlled by a
dedicated electronic board. The coils are not sketched. The two
magnets are not visible, but located at the bottom of the actuation
points.
achieve the steering pointing function. A CAD design of
the device has been already prepared and is presented in
Fig. 8. It consists of a sandwich of two supporting struc-
tures that allow a tip-tilt movement of the mirror squeezed
in between. The lower supporting structure can be forced
in the X and Y directions independently by levers con-
nected to it. The ends of these levers are connected to
guided magnets that are actuated in the X and Y directions
by coils. The coils will be controlled through an electronic
control board, that is also in charge to receive the trigger
for possible EAS events and translate this into mirror de-
placements. The mirror position is controlled at any time
through a high precision positional sensor and the auxil-
iary optical system. Both the laser and the beam used for
the positional sensor will be facing the front side of the
mirror, as sketched in Fig. 9. The development of the PM
at the UniGe is currently in phase B1. This phase is ex-
pected to be completd at the end of 2014 and encompasses
the complete design of an Elegant BreadBoard (EBB, see
Fig. 10), whose scope is to demonstrate the achievement of
the critical PM functionalities. The EBB comprises a com-
mercial version of the laser operating at the same wave-
lenght of the JEM-EUSO RIKEN laser, an optical system
with a position encoder, the MEMS mirror prototype, and
the control electronics. The EBB will be implemented dur-
ing phase B2 and it is expected that a fully operational
model will be available at the end of 2015. A qualification
and flight model of the JEM-EUSO PM are planned for
>2016 (project phase C/D).
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Figure 9. Representation of the laser and position control beam,
facing the front side of the MEMS mirror.
Figure 10. CAD model of the LIDAR PM EBB. In the figure
we show the housing, the commercial version of the laser that
will be used for the EBB, the optical system supporting the po-
sitional sensor, the mems mirror, and the electronic board. All
components are represented in scale (the MEMS mirror is about
3×3 mm large). The red beam represents the laser beam, while
the green one is the beam used to measure the position of the
MEMS mirror through the positional sensor and the supporting
optical system.
Table 1. Specification for the JEM-EUSO LIDAR.
Parameter Specification
Wavelength 355 nm
Repetition Rate 1 Hz
Pulse width 15 ns
Pulse energy 20 mJ/pulse
Beam divergence 0.2 mrad
Receiver JEM-EUSO telescope
Detector MAPMT (JEM-EUSO)
Range resolution (nadir) 375 m
Steering of output beam ±30◦ from vertical
Mass 14 kg
Dimension 450 × 350 × 250 mm
Power < 20 W
4.2 Simulations and data analysis
Simulations [9] have been carried out in order to study the
capability of the system in retrieving the physical prop-
erties of atmospheric features such as clouds or aerosol
layers. Fig. 11 shows an example of the simulated laser
backscattered signal detected by the JEM-EUSO tele-
scope.
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Figure 11. Top: LIDAR backscattered signal in clear sky (blue)
and in the presence of an optically thick (τ = 1) cloud (red) as a
function of time. Bottom: Scattering ratio (SR).
The top panel shows the signal in case of clear atmo-
sphere (blue circles) and in presence of the cloud (red tri-
angles) as a function of the time after shooting the laser
and the altitude. The presence of a cloud at ∼ 7 km will
be clearly detected by the LIDAR as an increase of the
backscattered signal coming from that region. The bot-
tom panel shows the so-called LIDAR Scattering Ratio
(SR), the ratio between the backscattered signal detected
in the real condition and a reference profile which repre-
sents the backscattered signal in clear atmosphere. Fitting
the SR in the region below the cloud allows for the mea-
surement of the optical depth simply using the formula
τ = −log(SR)/2.
Once the cloud is detected and its optical depth de-
termined, the cloud-affected EAS profile can be corrected
using the formula:
S ignalcloud = S ignalclear(exp−τ). (1)
Fig. 12 shows the photons arrival time in GTU2 at the de-
tector focal plane for a shower generated by a UHE proton
with E = 1020 eV and θ = 60◦. The blue histogram repre-
sents the profile of the shower developing in a clear atmo-
sphere, characterised by the presence of the “ground mark"
at ∼60 GTU. This feature is due to Cherenkov photons hit-
ting the ground and reflected back to the JEM-EUSO focal
surface. The red histogram shows the profile of the shower
crossing the same optically thick cloud shot by the LIDAR
and located at an altitude of ∼7 km. As in the case of the
LIDAR, the presence of the cloud modifies the EAS time
profile, with the appearance of a new feature (the “cloud
mark") at ∼ 28 GTU, and the ground mark vanishing. Af-
ter the correction is done using the LIDAR measurement it
is possible to retrieve the correct profile (black points) and
almost entirely recover the ground mark feature.
2The Gate Time Unit, or GTU, is the time unit of the detector focal
surface; 1 GTU corresponds to 2.5 µsec.
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Figure 12. Reconstructed time profile (black points) of 1020 eV
EAS together with the clear atmosphere (blue) and cloud affected
(red) profiles. Error bars are statistical only.
5 Conclusions
The Infrared Camera and LIDAR of the JEM-EUSO Space
Mission are under fully design, prototyping and devel-
opment under responsability of Japan, Switzerland and
Spain. Presently both devices are under Preliminary De-
sign Phase and space qualification of the Infrared Camera
and the LIDAR are foreseen to accomplish for the scien-
tific and technical specifications of the JEM-EUSO Space
Mission.
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